Objective: There is an important role for risk prediction in cardiac surgery. Prediction models are useful in decision making and quality assurance. Patients with infective endocarditis (IE) have a particularly high risk of mortality. The aim was to assess the performance of European System for Cardiac Operative Risk Evaluation (EuroSCORE) in IE. Methods: The additive and logistic EuroSCORE models were applied to all patients undergoing surgery for IE (Duke criteria) between January 1995 and April 2006 within our prospective institutional database. Observed and predicted mortalities were compared. Model calibration was assessed with the Hosmer-Lemeshow test. Model discrimination was tested by determining the area under the receiver operating characteristic (ROC) curve. Results: One hundred and eighty-one consecutive patients undergoing 191 operations were analyzed. Observed mortality was 28.8%. For the entire cohort the mean additive score was 10.4 (additive predicted mortality of 14.2%). The mean logistic predicted mortality was 27.1%. Discriminative power was good for the additive and the logistic models for the entire series. Area under ROC curve were 0.83 (additive) and 0.84 (logistic) for the entire cohort, 0.81 and 0.81 for the aortic position, 0.91 and 0.92 for the mitral position, 0.81 and 0.81 for the native valve, 0.82 and 0.83 for the prosthetic valves, and 0.81 and 0.51 for the gram-positive microorganisms, respectively. Conclusions: This initial sample may be small; however, additive and logistic EuroSCORE adequately stratify risk in IE. Logistic EuroSCORE has been calibrated in IE, a special group of very high-risk patients. Further studies with larger sample sizes are required to confirm these initial results. #
Introduction
Infective endocarditis (IE) is an uncommon disease associated with significant morbidity and mortality. Cardiac and extracardiac complications may develop [1] . As with any infection within the cardiovascular system, early diagnosis and aggressive management are indicated. IE is a medical and surgical disease which must be managed by a multidisciplinary team with shared interests. Surgery for IE, especially in the acute phase, is still challenging, and results are often suboptimal. Moreover, the role of surgery has not been appropriately defined and understood in some subgroups of patients [2] . Preoperative status and intraoperative difficulties resulting in extended aortic cross-clamping and cardiopulmonary bypass times play a fundamental role in outcomes.
There is much concern in the surgical community with regard to reporting of perioperative deaths. Scoring systems have been used and validated. They allow for comparing outcomes, appropriately making predictions and helping in the decision-making process -in summary, for benchmarking. Furthermore, they are also a very good defensive tool against the pressure of the administrators and policy makers. A key point is to consider the case mix for accounting [3] . The European System for Cardiac Operative Risk Evaluation (EuroSCORE), developed in Europe, was designed to predict 30-day mortality of patients undergoing cardiac surgery based on a significantly higher proportion of patients undergoing coronary artery bypass graft (CABG) surgery [4] . This model is widely used throughout Europe and has been validated in different populations across the world [5] [6] [7] .
There are some doubts that both the additive [8] and the currently available logistic [9] models may perform well in the subsets of very high risk (additive score > 10). Some authors have already discussed in this issue, particularly in relation with the surgery of the thoracic aorta, another classical example of high-risk surgery [7, 10, 11] . As IE is a pathology that carries a significant risk of morbidity and mortality, especially during the acute phase, we sought to investigate the validity of the additive and logistic Euro-SCORE approaches in the same dataset.
Material and methods

Design of the study
Retrospective study of all patients, including the general population, intravenous drug abusers, and those with positive serology for the human immunodeficiency virus (HIV) undergoing an operation under extracorporeal circulation (ECC) for IE at our institution between January 1995 and April 2006. Our institution is an 830-bed tertiary care hospital covering a population around 1,000,000. Demographics, preoperative data, diagnosis, intra-, and postoperative records have been analyzed, follow-up data have been collected from outpatient clinic visits and telephone interviews with patients, relatives, or doctors. All IE patients have been prospectively followed at our institution since 1979 through the activities of the Hospital Clinic Endocarditis Study Group (HCESG), a collaboration of members of the Departments of Infectious Diseases, Microbiology, Cardiology, Pathology, and Cardiovascular Surgery (Appendix A). Patients suffering from HIV infection are also prospectively followed by the same group. Information about both diseases is stored in specific databases. Medical and surgical results have already been reported [12, 13] . Although retrospective calculations can be made for every patient in our database, we choose to study patients operated on until early 1995, which is the year in which data started to be collected for development of the EuroSCORE scoring system [4] .
Definitions
Reporting
Results were reported following the guidelines for reporting morbidity and mortality for cardiac valvular operations as published by Edmunds et al. [14] .
Infective endocarditis
The diagnosis of infective endocarditis was made according to the 1994 Durack criteria [15] .
Active infective endocarditis
Acute IE was considered to be that in which the patient is on specific antibiotic therapy for a given pathogen or empiric treatment for negative blood cultures at the time of surgery. Antibiotic therapy should extend up to 6 weeks depending upon the pathogen, valve position, and pathological findings.
HIV infection
HIV infection was accepted if patients had two positive ELISA test or a positive ELISA test plus a positive Western blot test. HIV infection was classified according to the 1993 Centers for Disease Control (CDC) recommendations.
EuroSCORE predictors
The EuroSCORE scoring system was used and calculations were performed in relation to the previously published factors [16] that are widely available (the official website of the EuroSCORE cardiac surgery scoring system: www.euroscore.org). EuroSCORE predictors were previously defined in literature [4, 16] . Among these factors, we stress on the definition of early death after surgery, which was that occurring at any time during the hospital stay, regardless of its length or the first 30th postoperative days for outpatients. In addition, active endocarditis is that in which the patient is still under antibiotic treatment for endocarditis at the time of surgery as previously defined in this section. EuroSCORE allocates 3 points in the additive model to active IE. Both additive and logistic EuroSCORE were calculated for each patient as previously reported [17] .
Statistical method
Data are presented as mean AE standard deviation or absolute and relative frequencies. The discriminating ability of the additive and logistic models was tested with receiver operating characteristic (ROC) curves [18] . Calibration was assessed by the Hosmer-Lemeshow goodness-of-fit test, comparing observed and predicted deaths for each model [19] . Chi square test -one sample, unpaired -was used for comparing the incidence of observed and predicted deaths and the Student t-test was used to compare means between groups. The dataset was imported and analyzed using the SPSS 11.0 (SPSS, Inc., Chicago, IL, USA) software.
Results
During the study period, 180 patients underwent 191 operations with extracorporeal circulation for IE involving all four valve positions, pacemakers, and automated-implantable cardioverter-defibrillators (AICD), alone or in combinations. These operations were those strictly related and primarily performed for IE and did not include any other type of operation like postoperative cardiac tamponade, bleeding, or mediastinitis. Table 1 shows the demographics and characteristics of the entire series divided by groups, including those who survived the operation and those who died. The prevalence of predictors in our sample is shown in Table 2 . It is to be noticed that in 178 operations (93%) IE was considered to be active according to previous definitions. This may be a matter of concern. After carefully reviewing the database, it was found that a few patients underwent surgery (13, 7%) immediately after the end of intravenous antibiotics during this initial admission. It could have been easy to consider them still under antibiotics but for some reasons like the clinical condition that did preclude discharge; although the strict definition of acute IE as stated above did not apply to them, they were not excluded from the analysis.
There were 55 cases of mortality for a 28.8% observed mortality. Logistic EuroSCORE predicted 27.1% mortality. There was no statistical significant difference between the observed and the expected mortality for the entire series ( p = 0.70). Discriminating ability was good for both additive and logistic models, with areas under the ROC curve of 0.83 for the additive model and 0.84 for the logistic model (Fig. 1) . These areas under the ROC curve of 0.83 (additive) and 0.84 (logistic) were such for the entire cohort. Other areas under the ROC curves were 0.81 and 0.81 for the aortic position, 0.91 and 0.92 for the mitral position, 0.81 and 0.81 for native valve, 0.82 and 0.83 for prosthetic valves, and 0.81 and 0.51 for the gram-positive microorganisms, respectively. Calibration was good for both the additive (0.96) and logistic (0.94) models.
When the results were analyzed by risk strata defined by EuroSCORE (low (0-2), medium (3-5), high (6 plus)), the observation was made that calibration and discrimination for the high-risk stratum was also very good (Hosmer-Lemeshow 0.47 and 0.82 (0.76-0.89)). However, for the medium-and low-risk strata, discrimination power was poor (0.56 (0.13-1.00)).
Discussion
Preoperative risk prediction with statistical models is an important and established part of our practice in cardiac surgery today. The EuroSCORE risk model, introduced at the end of the past century, is widely used across Europe. As it is well known, it comes in two versions, additive and logistic. The additive model is more simple and practical and the logistic gives the surgeon a probability of death. There has been some controversy with regard to the possible advantages of one model over the other. Shamnugam et al. concluded that there was no advantage of using the logistic over the additive model, as the latter was not supposed to be more accurate in the subset of high-risk patients [8] . However, Jin and Grunkemeier [9] confirmed that the logistic model had a relatively constant ratio between observed and expected mortalities across risk groups and, therefore, is more accurate for different patient groups.
The problem of high-risk patients has also been addressed by several authors who referred to EuroSCORE and the surgery for the thoracic aorta, which is a good example of high-risk surgery [7, 10, 11] . According to these authors, logistic EuroSCORE was able to appropriately predict the expected mortality. As discussed earlier, EuroSCORE seems to be a reliable tool in cardiac surgery with some already available validations in different populations [5] [6] [7] . There are some exceptions like the failure to validate both the additive and logistic models in an Australian population [20] . However, in this Australian analysis, discrimination remained excellent as the area under the ROC curve was 0.82-0.83 as noted by Nashef in his comments [21] . In any case, the overall impression is that logistic EuroSCORE seems to work appropriately even in the high-risk groups [22] . As patients suffering from IE are usually patients with a significant risk of perioperative death, we decided to make an initial approach to validate EuroSCORE in our population of patients undergoing an operation under ECC for IE. As in the case of surgery of the thoracic aorta, IE is a good model of a high risk patient. The initial results presented here seem to support, with some limitations, the fact that EuroSCORE may be useful at the time to make serious decisions in very complex patients. There has been no significant difference between the observed and the expected mortalities using the logistic model (28.8 vs 27.1%, p = 0.70). The calibration and discrimination of both additive and logistic EuroSCORE were good in our limited series, and this is of particular importance if we consider that 87.4% of our series had an additive EuroSCORE > 6. This may be of help, provided that larger series of surgical patients with IE can be recruited for such an extended analysis.
There are some other issues in IE that may have to eventually be taken into account at the time of analyzing intra-and postoperative mortality that are more important than in other types of less risky operations. Then, the length of aortic cross-clamping and ECC times (intraoperative factor), and the presence of vegetations, abscesses, or fistulae of the type of pathogen (preoperative factors) may have an additional impact on outcomes.
Limitations
Some of the limitations of this study are well known. First, EuroSCORE was initially based on a predominant population of patients undergoing CABG with some exceptions like that of Spain [23] , although this may be due to some epidemiological differences among countries. Secondly, risk models are not perfect and, as considered by us and discussed by others [24] , variability in cardiac surgery outcomes and the intrinsic complexity of some diseases and the surgical type of repair required may not be explained in full by using some models. Thirdly, and this is strictly related to our series, the sample size may not be large enough, especially if we are to consider subgroups. Even though we found that EuroSCORE seems to grossly perform well as predictor of mortality in IE, a reduced sample size like in this preliminary study will be counteracted by more volume accumulated from future cooperative efforts that are underway. In addition, even though EuroSCORE has been a successful European project, the model itself may be a little outdated as it has been operational for more than a decade [24] . Patient profile has significantly changed since information was being incorporated into the EuroSCORE dataset between September and November 1995 [16] .
Conclusions
The risk stratification EuroSCORE model seems to satisfactorily predict early mortality in our surgical series of IE. Observed mortality does not differ from the expected according to the logistic model (28.8 vs 27.1%, p = 0.75). The risk model EuroSCORE, both in its additive and logistic versions, shows an adequate calibration and discrimination in our series. When the analysis is performed by risk strata, according to additive EuroSCORE, calibration and discrimination of the logistic model are maintained. The still limited size of the sample may be an influencing factor with this regard. This preliminary experience does not exclude discussion about the need of reconsidering recalibration of EuroSCORE after more than a decade in use, considering the degree of concern with regard to this very popular and reliable model in the surgical community.
